Transvenous pacemaker (PM) catheters can be unintentionally placed in the left ventricle (LV) during the implantation procedure. An 8-year-old girl was discovered with a malpositioned pm wire, seven years after the implant. Trans-thoracic echocardiogram revealed the lead traversing the inter-atrial septum, crossing the mitral valve and embedded in the basal lateral wall of the LV. This is a report of a 14-year long follow-up after the surgical extraction of the malpositioned PM lead.
Introduction
Transvenous pacing can be certainly performed in infants and small children, and it has been demonstrated in the neonate as well [1] [2] . As pacemaker (PM) generators become smaller and lead diameters become thinner, placing a permanent transvenous pacing system has be-come easier. Although nowadays a transvenous lead can be placed in children, there is a greater risk of complication in small patients [3] . One extremely rare complication associated with transvenous PM implantation is the inadvertent positioning of pacing lead in the left ventricle [4] . The greater risks depend on the delay of diagnosis of lead malpositions. This report concerns a case of long standing malpositioned PM wire in a paediatric patient and the successive long term follow up after the successful surgical extraction.
Case report
A one-year-old child underwent an endocardial PM implantation for a congenital atrioventricular (AV) block in a different Hospital. Seven years later, she was referred to our cardiac tertiary centre because of a clinical assessment for the presence of a cardiac murmur, never heard before by the paediatrician.
Physical examination revealed an average build young girl who was in no apparent distress state and had stable vital signs: regular pulse of 75 bpm and blood pressure of 110/60 mmHg. Cardiac examination was significant for a 2/6 systolic murmur at apex with irradiation to the axilla. The ECG revealed a ventricular PM rhythm with a right bundlebranch block (RBBB) morphology ( Figure 1A ). Chest radiography identified a lead directed posteriorly, giving the suspicion of an abnormal location of the ventricular pacer wire (Figure 1 B-C). Trans-thoracic echocardiogram revealed normal LV function, no pericardial effusion, and an abnormal bright linear structure consistent with a PM lead passing through a patent foramen oval and crossing the mitral valve to embed in the basal lateral wall of the LV, causing a mild to moderate mitral regurgitation ( Figure 1D ).
After informed consent was obtained, in accordance with the guidelines of our institution, an electrophysiological (EP) study was performed. Although complete EP evaluation was performed, this report deals only with the results of conduction system assessment. The EP study was performed after mild sedation with two 5F quadripolar catheters positioned in the high right atrium and His bundle region. The SA, AH, HV and VV intervals, as well as the conduction system refractory periods, were defined and measured as conventionally described. Switching-off the PM, the following data were obtained: -Normal sinus node function.
-Third-degree AV block with a junctional "escape" rhythm of 58 bpm (QRS duration:70 ms). -A normal infra-His conduction time (HV=39 ms) ( Figure 2 ). -After intravenous injection of 1 mg of atropine we revealed persistent third-degree AV block with a faster escape rhythm (the HR increase was more than the 50% of the initial HR). The patient was offered the surgical extraction of the PM wire via thoracotomy and possible mitral valve repair. Case Report tion, mild dilatation of the left atrium, left ventricular with spherical shape but with preserved global pump function (EF:65%). The treadmill ECG stress test was stopped at the III stadium of Bruce protocol because of muscle fatigue, with evidence of an adequate exertional increase in heart rate (from 61 bpm in basal condition to 123 bpm that is 61% of theoretical max HR).
Discussion
Left ventricular location of a PM lead, although rare, is a wellknown complication after PM implantation. The clinical suspicion is based on the results of physical examination and simple tests such as ECG and chest radiography. Twelve-lead ECG is a rapid and reli-After appropriate evaluation, the small patient underwent the surgical extraction of the PM lead, and, in the same surgical session, plastic of the mitral valve, closure of the atrial septal defect with a Dacron patch and removal of PM generator. Since then she has been on ACE-I therapy and she has been followed at our outpatient clinic in order to undergo ECG, echocardiography, 24H ECG Holter and ECG stress test every 6 to 12 months for 14 years. She never suffered from syncope or presyncope. The ECG-Holters never recorded significant pauses. The patient is now 22 years-old, she has a good quality of life and she is in I-II NYHA class. At the last outpatient visit, the ECG showed AV dissociation for third-degree BAV with tight QRS junctional escape rhythm (QRS 90 ms) at the rate of 53 bpm (Figure 3 ). At the last cardiological assessment, the ecocardiography found in situ interatrial patch without any residual shunts, mild to minimal mitralic regurgita-pime pime pime pime p pi im me e EDITRICE able instrument to recognize right and left ventricular pacing morphologies. The expected morphology of right ventricular pacing is a left bundle branch block (LBBB) pattern. Early activation of the left ventricle by the malpositioned lead creates a RBBB pattern which is a very helpful clue in the diagnosis [5] . However, a RBBB pattern during ventricular pacing may also occur if the lead is positioned in the coronary sinus, or if it perforates the right ventricle or the interventricular septum, or in case of left ventricle epicardial pacing or even with a normal placed lead in the right ventricle [4] [5] . So, the reliance on intraoperative monitors for detection of RBBB may be misleading as this pattern may not be displayed by the recording channels [6] . Moreover, on chest X-ray a postero-anterior view is not sufficient to identify the position of a ventricular pacing lead; a lateral view is essential to demonstrate an abnormal posterior position of the catheter tip, as opposed to the anterior position expected with a right ventricular placed lead. Indeed, a posterior catheter position may also be due to an electrode in the coronary sinus or in the interventricular vein [4] [5] . Thus, although ECG and chest X-ray should raise the suspicion, neither of them can diagnose left ventricular catheter placement with complete certainty. Transthoracic or transoesophageal echocardiography are usually the tests of choice to confirm the exact lead position [7] . If X-ray or transthoracic/transoesophageal echocardiography are both insufficient to confirm the exact lead position, in presence of not clear results contrast-enhanced computed tomography scan (CTA) of the heart and great vessels can sometimes provide the exact information of PM lead location.
Misplacement of a PM catheter intended for the right ventricle can be a result of the catheter traversing a patent foramen ovale or an atrial septal defect, of the interatrial or interventricular septum perforation by the catheter, or of direct lead placement in left ventricle through the brachial, axillary or subclavian artery, which could be mistaken for a vein [4, 8, 9] .
In our patient, the most likely scenario was a lack of recognition of the route of the PM lead during implantation by fluoroscopy. Probably, during the procedure, the bend of the PM lead was misinterpreted as the lead traversing the tricuspid annulus when indeed it was going through the PFO. In addition, despite the long-term follow-up, the abnormal location of the lead was not recognized on chest radiography or on ECG.
For this reason, it should be emphasised that in each case presenting with newly detected RBBB paced QRS morphology, physicians should seek immediate echocardiography to precisely assess the position of the ventricular lead. The possibility of the initial normal po- Case Report gree AV block cannot be excluded. The possibility of a ventricular rate lesser than 50 to 55 bpm, other condition for which there is a class I evidence that the permanent PM is useful [9] , is an unlikely scenario as the patient showed a higher spontaneous heart rate when she was 8 years of age.
We have to consider that the results of the EP study strongly influenced the decision of extraction without pacemaker re-implantation.
During our 14 years follow up post-extraction the patient did not develop ventricular dysfunction and at our tests she never showed chronotropic incompetence limiting the physical activity, long pauses, wide QRS complexes, prolonged QT interval, mean ventricular rate <50 bpm or complex ventricular ectopy which could justify the implantation of a PM in an asymptomatic patient with congenital AV block [9] .
Conclusions
This case is an example of a probable useless and damaging PM implantation in a very young girl who had an extremely rare complication, that is the malposition of the pacing lead in the left ventricle. The wire has remained in a wrong position for seven years before the mistake was acknowledged. Luckily, the patient had no embolic events and she had a favourable course of the follow-up after the surgical extraction. sitioning in the right ventricle with the following dislodgement through the PFO into the left ventricle is an extremely unlikely scenario. A malposition of a PM catheter in the left ventricle can be asymptomatic or can lead to significant morbidity from thrombi and following debilitating cerebral stroke [4, 10, 11] . However, the greater risks are usually depending on failure of timely diagnosis once lead malposition occurs. A PM malpositioned catheter in the left ventricle should be removed.
In our case, at the time of malpositioned wire discovery, a long-life anticoagulation therapy was considered an alternative approach to the extraction [4] . Yet, this approach was not strongly suggested to the patient's parents because of the possible risks due to chronic anticoagulation in terms of haemorrhages but also because we considered the possible damages to mitral valve apparatus as a consistent complication of the lead malposition and we thought the permanence of the lead might increase mitral regurgitation over time.
Transvenous pacemaker catheter extraction from the right ventricle has become a common procedure. However, with catheters in the left ventricle there may be a risk of dislodging or stripping off thrombotic material during attempted percutaneous extraction, especially if a catheter must be withdrawn through a PFO. However, in our case, also the effective necessity of a permanent PM should be discussed. We are unaware of the patient's clinical status at the PM implantation time. The presence at that time of low cardiac output together with third-de-pime pime pime pime p pi im me e EDITRICE 
